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interaction (Figure 4 ). Among these DEGs, 579 and 291 were respectively up-regulated 160 and down-regulated in response to the infection of G. yamadae, representing G. yamadae 161 infection-related DEGs (Figure 4 ). Among highly induced apple transcripts in infected 162 leaves at 10 dpi, 56 unigenes encoding glutathione S-transferase (GST) showed a fold- 163 change up to 194, among which 23 had a fold-change over 10, whereas only 14 GSTs 164 were up-regulated at 30 dpi with a fold-change ranging from 3 up to 27 (Supplementary 165 file: Table S1 ). In total, 12 GST transcripts were induced both at 10 and 30 dpi. Interestingly, 166 eight mannitol dehydrogenase-encoding genes were also among highly induced 167 transcripts at 10 dpi (fold-change up to 231) while no significant change was observed at 168 30dpi. Several gene functions related to cell-wall, phytohormones, or response to 169 pathogens were found among the top highly expressed DEGs at 10 and 30 dpi ( Table 2) . 170 171 Impact of rust infection on metabolic pathways in apple leaves 172 In order to determine the impact of the rust infection on metabolic pathways of apple 173 leaves, we performed classification of DEGs into cellular categories using MapMan and 174 KEGG and performed enrichment analysis. All DEGs were integrated into MapMan plant 175 categories and 52 and 56% of them were classified into 28 functional categories at 10 and 176 30 dpi, respectively ( Figure 5A ; Supplementary file: Table S1 ). The direct comparison of 177 proportions of up-and down-regulated transcripts assigned to Mapman categories helped 178 to draw major inflexion in metabolic pathways. For instance, photosynthesis processes 179 were remarkably represented among the down-regulated transcripts at the two time points. 180 Conversely, cellular respiration was more represented among induced transcripts at both 181 time points in infected apple leaves (Supplementary file: Table S1, Figure 5A ). Interestingly, 182 the solute transport category was proportionally more abundant in both up-and down-183 regulated transcripts at 10dpi, indicating that this process might be particularly dynamic at 184 the spermogonia infection stage. Similarly, the RNA trafficking category was also more 185 represented in up-and down-regulated transcripts at 30 dpi, suggesting a highly dynamic 186 regulation of this process at the aecial stage. The phytohormones and cell wall categories 187 were also more represented among transcripts up-regulated at 10 dpi, and the vesicle 188 trafficking category was more prominent at 30dpi among up-regulated transcripts (Figure 189 5A). Almost all the genes falling in the MapMan photosynthesis-related apparatus 190 category (Photosystem I, Photosystem II, ATP synthase, Redox chain, Photorespiration 191 and Calvin cycle) were significantly down-regulated in infected leaves at the two time 192 points ( Figure 5B ). 193 All DEGs were also classified into Kyoto Encyclopedia of Genes and Genomes (KEGG) 194 pathways and an enrichment analysis between inoculated and mock inoculated groups 195 was performed for down-and up-regulated transcripts. In total, 3,090 and 715 down- 196 regulated transcripts were classified into 124 and 85 KEGG pathways, at 10 dpi and 30 197 dpi respectively; whereas 4,133 and 1,493 up-regulated transcripts were classified in 122 198 and 112 KEGG pathways at 10 and 30 dpi, respectively (Supplementary file: Table S1 ). 199 Consistent with the MapMan annotation results, photosynthesis related pathways were 200 among the most significant down-regulated pathways at both time points, including 201 biosynthesis of light-harvesting chlorophyll protein complex (LHC) in antenna proteins, 202 impaired processes of Photosystem I, Photosystem II, and Cytochrome b6/f complex 203 (Supplementary file: Table S1 ). Glutathione metabolism, endocytosis and amino sugar and 204 nucleotide sugar metabolism categories were significantly enriched among up-regulated 205 transcripts at 10 dpi (Figure 6 ). At 30 dpi, the three most significantly enriched pathways 206 were flavonoid biosynthesis; stilbenoid, diarylheptanoid and gingerol biosynthesis; and 207 phenylpropanoid biosynthesis ( Figure 6 ). Interestingly, many other pathways directly 208 related to plant secondary metabolism such as phenylalanine metabolism or biosynthesis 209 of secondary metabolites, were found among significantly enriched KEGG categories at 210 this time points. Categories related to aromatic and volatile compounds or to tyrosine 211 metabolism and tyrosine-derived alkaloids were also significantly enriched at 30 dpi. 212 Altogether, these results point out important modifications in leaf composition. Interestingly, 213 the plant-pathogen interaction pathway was significantly induced during infection at 10 dpi 214 but repressed at 30 dpi (Figure 6 ; Supplementary file: Table S1 ). Overall, the survey of 215 functional categories expressed in apple leaves in response to G. yamadae infection 216
indicates that even if a compatible interaction is established by the rust fungus during its 217 biotrophic growth, a remarkable reaction is noticeable in the leaf tissues on the host side, 218 particularly with the expression of functions related to secondary metabolism and plant-219 pathogen reactions, as early as 10 dpi, and more marked by 30 dpi in inoculated compared 220 to mock-inoculated conditions. 221 222 G. yamadae spermogonia and aecia expressed genes 223 The average length of the unigenes assigned to the rust fungus in spermogonia and aecia 224 are respectively of 1,622-bp and 1,956-bp and the largest proportion of unigenes, with 225 19,589 (64.67%) and 16,867 (74.25%) at 10 and 30 dpi respectively, exhibits a size larger 226 than 1kb, indicating the good quality of the reads assembly into fungal unigenes 227 (Supplementary file: Figure S3 ). Comparison of the fungal unigenes to the NCBI-nr, 228 Swissprot and KOG databases provided putative annotation support for 17,951 (59.3%) 229 spermogonia unigenes and 17,515 (77.1 %) aecia unigenes. Among them, 7,647 and 230 9,059 unigenes showed homology to genes of the wheat leaf rust fungus Puccinia 231 graminis f. sp. tritici and 2,072 and 2,557 unigenes showed homology to genes of the 232 poplar rust fungus Melampsora larici-populina. Among the 26 and 23 most highly 233 expressed unigenes (FPKM value > 1000) in spermogonia and aecia, respectively, more 234 than half are hypothetical proteins or without any hit in the nr database (Table 3) . Beyond 235 that, we identified transcripts encoding secreted proteins, polyubiquitin-A and a 236 pheromone precursor highly expressed in spermogonia, and transcripts encoding 237 secreted proteins and a thiazole biosynthetic enzyme highly expressed in aecia (Table 3) . 238 Like in other rust fungi, many highly expressed rust transcripts are of unknown function. 239 These molecular determinants are conserved across rust species and may play an 240 important role in pathogenesis-related processes. 241 242 Prediction of in planta secreted proteins expressed by G. yamadae during apple leaf 243 infection 244 Rust fungi possess very large repertoires of secreted proteins (SPs) that contain effectors, 245 which have significant roles in the establishment of compatible interactions with their host 246 plants (Lorrain et al. 2019 ). We predicted 38,039 and 29,160 proteins from G. yamadae 247 spermogonia and aecia unigenes, respectively. Based on a dedicated bioinformatic 248 pipeline, we identified 978 (2.6%) and 1,091(3.7%) secreted proteins (SPs) 249 (Supplementary file: Table S2 ). In detail, the 978 spermogonia SPs contain 219 250 carbohydrate active-enzymes (CAZymes), 75 proteases and 11 lipases, and five of these 251
SPs were highly expressed at this stage (FPKM value > 1000) including the transcript 252 exhibiting the highest expression level (Cluster-3395.52629) (Supplementary file: Table  253 S2). Among the 1,091 SPs predicted in aecia, 246, 57 and 10 proteins were classified into 254 CAZymes, proteases and lipases, respectively. Four SPs showed a high expression levels 255 at the aecial stage (FPKM>1000) (Supplementary file: Table S2 ). Predicted proteins from 256 spermogonia and aecia were compared to proteins previously identified in G. yamadae 257 telia (Tao et al. 2017 ) with a Markov Cluster Algorithm (MCL) analysis in order to identify 258 proteins specific of apple infection stages (Supplementary file: Table S2 ). In total, 1,097 259 MCL protein families with a total of 3,584 proteins, only contained proteins from 260 spermogonia and aecia (1,831 and 1,753, respectively) and are considered specific of 261 apple infection. Besides, 2,202 MCL protein families with a total of 2,704 proteins (7.1% 262 of 38,039 predicted proteins in spermogonia) were identified as specific of the 263 spermogonia stage. Among these proteins, 45 were predicted as SPs. Furthermore, 1,322 264 protein families with a total of 1,801 proteins (6.2% of 29,160 predicted proteins in aecia) 265 were specific to the aecia stage, including 50 SPs (Supplementary file: Table S2 ). Among 266 spermogonia and aecia predicted SPs, six showed homology to the rust transferred 267 protein 1 (RTP1), initially described in Uromyces spp. (Kemen et al. 2005 ) and since 268 shown as conserved across all rust fungi (Lorrain et al. 2019; Pretsch et al. 2013 ). The six 269 amino acid sequences ranged between 170 to 260 residues, and a sequence alignment 270 with 13 RTP homologues from seven different rust fungi showed relatively conserved 271 regions in the C-terminal second half of the protein with conserved cysteine positions 272 along the sequence ( Figure S4 ). Insterestingly, Gymnosporangium spp. RTP homologs 273 clustered in two different groups, one specific of the genus with Gymnosporangium 274 sabinae and another with Hemileia vastatrix, the coffee rust fungus, distinct from RTPs 275 from Pucciniaceae (Uromyces spp.) and Melampsoraceae ( Figure S4 ). This result 276 indicates the presence of an ancestral and conserved rust SP multigene families for RTP 277 in Gymnosporangium spp. and the expression of distinct sets of SPs -i.e. likely candidate 278 apple rust effectors-at specific infection stages. Functional distribution of G. yamadae unigenes during the interaction with the two 283 host plants, apple and juniper 284 G. yamadae unigenes from spermogonia and aecia were annotated in the Eukaryotic 285 orthologous group (KOG) database. In total, 16,458 (54.33%) and 11,299 (49.74%) 286 unigenes showed homology in the KOG database (Supplementary file: Table S2 ) and the 287 functional categories were compared to the distribution previously reported for the telial 288 stage on juniper tree (Tao et al. 2017 ). Excluding the category of "unknown function" and 289 "General function prediction only", the most abundant KOG categories corresponded to 290 "posttranslational modification, protein turnover, chaperones" at all three stages. The KOG 291 categories showed similar distribution across the different fungal stages, although in each 292 KOG category the unigenes are more abundant in spermogonia and aecia. A "secreted 293 proteins" category corresponding to SP of unknown function was included in the KOG 294 annotation, and the genes falling into this category were much abundant in telia and aecia 295 than in spermogonia (Supplementary file: Figure S5 ). Although we do not have a reference 296 genome for G. yamadae and as such, we cannot accurately estimate the extent of each 297 transcriptome completeness, this comparison suggests that similar genetic programs are 298 expressed on the different host plants at distinct sporulation stages, with the concomitant 299 expression of specific genes in distinct categories to achieve specific host infection and/or 300 fungal sporulation related processes. 301 302
Infection of G. yamadae modifies the composition of fungal communities in the 303 apple phyllosphere 304 Unexpectedly, beyond the apple and rust transcripts, we noticed a large number of 305 unigenes showing homology with other fungi, particularly ascomycetes. Since these 306 sequences were also present in controlled apple leaves, they most likely correspond to 307 resident fungal communities on or inside the leaves of the two-year-old apple seedlings 308 used in our experimental set-up. We used a dedicated meta-transcriptomic approach to 309 detail the fungal communities present in inoculated and in mock inoculated apple leaves 310 at 10 and 30 dpi (Supplementary file: Figure S2 ). The clean reads from the 12 Illumina 311 libraries that did not mapped onto the M. domestica genome were assembled together 312 into 64,637 unigenes. Then the clean reads from each sample were assigned to these 313 unigenes and annotated by comparison to all fungal genomes available in the MycoCosm 314 at the Joint Genome Institute (JGI) to know the detailed fungal composition in each sample. 315 The unigenes that did not match to MycoCosm were compared to NR at NCBI to determine 316 their taxonomical origin. The Table S3 details the number of total and fungal unigenes 317 found in each sample replicate. As expected, the fungal unigenes are predominant in 318 inoculated conditions and proportionally, the fungal reads are more important at the aecial 319 stage at 30 dpi ( Figure S6 ). Unigenes of metazoan origin were limited in all samples and 320 unigenes assigned to Viridiplantae still constituted the largest proportion in the control 321 conditions and a small portion of the inoculated conditions. These sequences of plant 322 origin that did not mapped to the apple genome may represent specific or divergent 323 sequences from the Chinese genotype used in the study compared to the reference apple 324 genome ( Figure S6 ). As expected, the major part of the fungal communities in infected 325 apple leaves are Pucciniales, with homology to Puccinia spp., Melampsora spp. and 326 Cronartium spp. ( Figure 7A ). The average relative abundance of rust fungi is 56.5% at 10 327 dpi and it increases to 76.5% at 30 dpi, reflecting the increase of G. yamadae biomass at 328 30 dpi (Supplementary file: Table S3 ). The distribution of reads into other fungal 329 taxonomical groups is relatively similar at all stages with the exception of the inoculated 330 stage at 30 dpi. This different distribution is better illustrated after the removal of the reads 331 assigned to rust fungi ( Figure 7B ). Unigenes with homology to Macroventuria spp., 332 Alternaria spp., Didymella spp., Ascochyta spp. and Boeremia spp. from the Pleosporales 333 order and Lizonia spp. were the most abundant in the mock-inoculated conditions at 10 334 and 30 dpi, as well as in the inoculated condition at 10 dpi. Strikingly, in the inoculated 335 condition at 30 dpi, there is a complete shift in the fungal community composition. This 336 aecial infection stage is marked by a large dominance of Alternaria spp. and Fonsecaea 337 spp., whereas the other abundant ascomycetes from the Pleosporales found in the control 338 conditions and in the inoculated condition at 10 dpi are almost absent ( Figure 7B ). 339 Interestingly, a series of less represented fungal species are present in all samples and 340 less influenced by G. yamadae infection ( Figure 7B , Supplementary file: Table S3 ). This 341 result shows that the progression of the rust disease in inoculated apple leaves strongly 342 impacts the phyllosphere fungal community. 343 344
Discussion 345 The leaf rust disease caused by the biotrophic fungus G. yamadae can generate 346 substantial injuries to apple trees and result in lower fruit quality (Wang et al. 2010) , and 347 so far, there is scarce information about the molecular processes underlying the apple-348 apple rust interaction (Lu et al. 2017 The compatible interaction established by G. yamadae with apple leaves induces 371 marked reactions including alteration of secondary metabolism pathways 372 Glutathione (GSH) is a tripeptide in plants playing important roles in defense reactions to 373 pathogens, including detoxification of reactive oxygen species, regulation of formation of 374 phytoalexin and degradation of various toxic substances through the catalyzing by GSTs 375 (Gullner et al. 2018 ). In the present study, Glutathione pathway was highly enriched in 376 inoculated apple leaves at 10 dpi according to the KEGG pathway enrichment analysis, 377 and consistent with that, large number of GSTs encoding genes were highly induced at . 386 The high expression of GST genes in apple leaves may be required for detoxication of 387 compounds accumulated during early rust infection. Beyond glutathione, the amino sugar 388 and nucleotide sugar metabolism (ANM) pathway was also significantly enriched in 389 infected apple leaves at 10 dpi. like rust fungi (Stone and Clarke 1992). The enhanced ANM metabolic pathway in G. 398 yamadae infected apple leaves at 10 dpi may indicate that cell wall modification is part of 399 the response to rust invasion at early sporulation stage during compatible interaction. 400 Flavonoid, phenylpropanoid and stilbenes are antimicrobial secondary metabolites known 401 as phytoalexins that have long been associated with plant resistance (Ahuja et al. 2012) . 402 At 30 dpi, up-regulated genes were remarkably enriched in phytoalexins biosynthesis 403 pathways, similar to the findings of the transcriptome analysis of apple leaves in response 404 to Marssonina coronaria infection (Xu et al. 2015) . Flavonoids are a widely distributed 405 group of secondary metabolites in plants, including many components such as 406 anthocyanidins, proanthocyanidins, flavanones and flavonols (Treutter 2006 ). The 407 flavonoid composition positively influences the type of pigments displayed in rust infected 408 leaves spots and the adjacent tissues, and the increased contents of flavonoid 409 synchronized with spot expansion in apple leaves (Lu et al. 2017 fungi/), the transcriptomes produced here and in a previous study (Tao et al. 2017 ) will be 444 helpful to support genome annotation. In the absence of any supporting G. yamadae 445 genome resource, a predictive annotation strategy relying on comparison to pre-existing 446 rust genes and transcripts in databases was built after an approach described for the 447 coffee rust fungus H. vastatrix (Fernandez et al. 2012) , and helped the identification of 448 fungal unigenes from infected apple leaves. The prediction-based method most likely 449 overestimates the unigenes numbers with some redundancy in the dataset when expected 450 gene numbers in rust fungi are considered (Aime et al. 2017 characterization to understand their precise role in pathogenesis. Beyond specific G. 474 yamadae SP genes, several rust-conserved SP genes were expressed during apple 475 infection. The haustorially expressed SP RTP1 was firstly identified in Uromyces fabae 476 and U. striatus in which it was shown to be transferred into the host cell (Kemen et al. 477 2005). Since, many homologues of RTP1 were found in different rust fungi, establishing a Gymnosporangium spp. RTP clade, which may indicate a specific evolution in this 482 particular fungal family in the order Pucciniales. 483 The distribution of expressed unigenes of the apple rust fungus in functional KOG 484 categories shows similar overall patterns in spermogonia and in aecia in apple tree, as 485 well as in telia on the alternate host juniper. The same conclusion was reached for M. 486 larici-populina on the two hosts, poplar and larch (Lorrain et al. 2018 ). These 487 transcriptomes studies suggest the expression of conserved molecular mechanisms in 488 rust fungi during infection of different hosts and at different sporulation stages. Beyond the 489 requirement of specific initial sets of effectors to bypass the host immune system, the 490 redundant genetic programs underlying the biotrophic growth may explain why rust fungi 491 can successfully infect taxonomically unrelated alternate host plants in a same life cycle. 492 A more systematic survey of transcriptomes expressed in alternate hosts in different 493 pathosystems established with rust fungi from different taxonomical families is needed to 494 validate this hypothesis. 495 496
The fungal community composition of the apple phyllosphere is altered by rust 497 infection 498 Plant phyllosphere represents one of the largest habitats for diverse community of are facing environmental stresses during their growth period, microbes from the 510 phyllosphere are also exposed to many biotic and abiotic constraints, however, the impact 511 of pathogens on fungal communities and diversity in the phyllosphere are largely 512 underexplored. In our study, high-throughput RNA-seq has allowed to determine the 513 fungal communities present inside or on the surface of the apple phyllosphere and to see 514 how they are affected by G. yamadae infection. The fungal communities of infected and 515 healthy apple leaves changed between 10 dpi and 30 dpi. Such changes may be due to 516 the variation of environmental conditions (e.g. moving from indoor to outdoor in the 517 procedure to obtain spermogonia and aecia) which may lead to changes in leaf genus Alternaria and Fonsecaea presented a remarkable shift in abundance in inoculated 521 leaf tissues at 30 dpi compared to all other conditions, including infection at 10 dpi. Since 522 our initial experimental design was not established to specifically survey the fungal 523 community composition in apple leaves, our report is merely descriptive and correlative. 524 We cannot determine whether the composition change observed at 30 dpi is due to the 525 host reaction to rust infection, or directly from the fungus biotrophic growth through 526 challenging host immunity and/or physiology, or both. However, the effect of rust infection 527 at 30 dpi is consistent and supported by biological replicates and it represents an 528 interesting foundation for future studies to determine to which extent rust infection modifies 529 the apple leaf fungal community. Many studies reported the effect of hyper-parasitic fungi 530 on rust fungi ( Preparation of plant material and artificial inoculation 539 Thirty Malus domestica cv 'fuji' seedlings (two-year-old, average 50 cm height) were 540 bought from the Wanlü Nursery in Nanjing, Jiangsu, China. All these seedlings were 541 planted in flower pots and placed in greenhouse under controlled temperature (26℃), 542 relative humidity of 75% and with a 12h light/12h dark cycle for about one month. In early 543 spring, Juniperus chinensis twigs with overwintering G. yamadae galls were collected in 544 the field when mature telia extruded from the galls. The galls represent a natural inoculum, 545 i.e. a mixture of G. yamadae isolates, and no other Gymnosporangium spp. can be 546 confused with G. yamadae galls on J. chinensis. All these twigs were cleaned by a small 547 brush to remove dust on the surface and placed in a container with sterile water overnight 548 to ensure germination of telia. The germination efficiency was checked under the 549 microscope (Leica-DM3000). Basidiospores were thoroughly mixed with sterile water and 550 redistributed into separate sterile vials used for inoculation. Before the inoculation 551 manipulation, all the seedlings were divided into two groups of fifteen seedlings kept under 552 dark conditions for 12h overnight. One group was sprayed with the basidiospores solution 553 on the top of the apple leaves and the other group was sprayed with sterile water as mock-554 inoculated control. After inoculation, all seedlings were covered with plastic transparent 555 bags in order to ensure controlled infection. All bags had openings at the top to ensure air 556 exchange. The seedlings were placed in a chamber with a temperature of 20℃ and more 557 than 95% relative humidity for two days to facilitate spore germination and penetration. 558 Two days after inoculation, the temperature was adjusted back to room temperature (26℃) 559 and to a relative humidity of 75%. At 10 dpi, globoid yellow spermogonia appeared on the 560 upper surface of apple leaves. All plastic bags were then removed and the seedlings were 561 placed outdoors for 20 more days in order to ensure proper aecia differentiation. At 30 dpi, 562 long tubular aecia formed on the lower surface of apple leaves. At both time points, three 563 independent replicates (different leaves from different seedlings) of approximately 50 mg 564 diseased leaves and 50 mg control leaves were collected simultaneously. At 10 dpi, 565 collected samples corresponded to infected leaves with bright-yellow spermogonia in the 566 center (Figure 1) . At 30 dpi, the collected samples consisted of leaf pieces with tubular 567 aecia in the center and discoloured spots around the fungal sporulation structure. The 568 samples were immediately frozen in liquid nitrogen and stored at -80℃ until RNA isolation. 569 570 RNA isolation, cDNA library preparation and RNA-sequencing 571 Apple leaves were ground to fine powder by RNase free mortars and pestles with liquid 572 nitrogen and the total RNA were isolated using the RNeasy Plant Mini Kit (Qiagen, Beijing, 573 China) according to the manufacturer's instructions. For each sample, 3 μg RNA was used 574 to generate sequencing library by using NEBNext® UltraTM RNA Library Prep Kit for 575
Illumina® (NEB, USA). PCR was carried out using Phusion High-Fidelity DNA polymerase, 576 universal PCR primers and Index (X) Primer. PCR products were purified by AMPure XP 577 system (Beckman Coulter, CA, USA) and the cDNA library quality was assessed on the 578 Agilent Bioanalyzer 2100 system (Agilent Technologies, CA, USA). The cBot Cluster 579
Generation System was used to cluster index-coded samples in libraries by TruSeq PE 580 Cluster Kit v3-cBot-HS (Illumina, CA, USA). In each library, 150-bp paired-end reads were 581 generated from Illunima Hiseq platform. cDNA and RNAseq library were performed at 582
Novogene (Beijing, China), following standard Illumina's procedures. Raw reads in fastq 583 format were firstly processed through in-house perl scripts to remove adapters, poly-N 584
and low-quality reads. The remaining high-quality clean reads were used in the 585 subsequent analysis. All raw sequence data generated in this study has been deposited 586 in the NCBI Sequence Read Archive (https://submit.ncbi.nlm.nih.gov/subs/sra/) under the 587 accession number SRR9326001-SRR9326012. 588 589
Read mapping to the apple reference genome and gene expression analysis 590 The values were adjusted using the Benjamini and Hochberg's approach for controlling the 608 false discovery rate. Genes with an adjusted p-value lower than 0.05 were deemed as 609 significantly differentially expressed. 610 612 All the significantly differentially expressed genes between inoculated and mock- Transcriptome analysis, functional annotation, secretome prediction and sequence 622 analysis of G. yamadae spermogonia and aecia 623 Reads unmapped to the apple reference genome in infected groups at 10d pi and 30 dpi 624 were collectively subjected to de novo assembly using Trinity (Grabherr et al. 2011 ) with 625 default parameters, which generated two transcriptomes at the two time points, 626 respectively. FPKM expression levels for all unigenes were estimated in each replicate by 627 RSEM and unigenes with FPKM > 0.3 in each library were retained for 628 downstream analyses. All unigenes were compared to the genomes (blastn, e-value ≤ 10 -629 Tables  953  954  Table 1 . Sequencing and mapping information of RNA-seq data from 12 libraries of apple leaves. 955 indicating the genes detected in all conditions; group II refers to genes specifically found in the 996 inoculated groups at the two time points, 10 and 30 days post-inoculation (dpi); group III refers to 997 genes exclusively expressed in the mock inoculated groups at two time points. 998 999
Functional analysis of differentially expressed genes
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